
EMCal	Testbeam	Analysis	Update	7/19	

•  New	fi;ng	procedure	
•  Analysis	of	energy	response	by	
hodoscope	cut	

•  ResoluDon	with	added	1/E	term	in	fit	

1	

Virginia	Bailey,	Vera	Loggins,	Anne	Sickles	
July	19,	2016	



Runs	Used	
Energy	 Run	Number	

1	GeV	 2298	

2	GeV	 2268	

3	GeV	 2260	

4	GeV	 2253	

6	GeV	 2247	

8	GeV	 2295	

12	GeV	 2276	

16	GeV	 2280	
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ProducDon	used:	ProducDon_0428_MIP_set2_Cosmic	



New	Fi;ng	of	5	by	5	Energy	
DistribuDon	plots	

•  Previously	we	were	fi;ng	by	se;ng	a	specific	fit	range	for	each	plot	
•  Now:	fit	once	and	use	fit	parameters	to	automaDcally	create	fit	range		
•  New	fit	range	is:	mean-2*sigma	to	mean+2.8*sigma		

where	mean	is	fit	parameter	1	from	original	fit	and	sigma	is	fit	parameter	2	hE5x5_cherenkov+veto+hodo_1 GeV
Entries  76
Mean   0.9357
RMS    0.2931

 / ndf 2χ  9.562 / 21
Prob   0.9841
Constant  0.628± 3.463 
Mean      0.035± 1.008 
Sigma     0.043± 0.198 

energy in 5x5 (GeV) 
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hE5x5_cherenkov+veto+hodo_1 GeV
Entries  76
Mean   0.9357
RMS    0.2931

 / ndf 2χ  9.562 / 21
Prob   0.9841
Constant  0.628± 3.463 
Mean      0.035± 1.008 
Sigma     0.043± 0.198 

hE5x5_cherenkov+veto+hodo_1 GeV

hE5x5_cherenkov+veto+hodo_2 GeV
Entries  397
Mean    1.829
RMS    0.5399

 / ndf 2χ  18.04 / 11
Prob   0.08076
Constant  3.38± 45.12 
Mean      0.015± 2.046 
Sigma     0.0106± 0.2012 

energy in 5x5 (GeV) 
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hE5x5_cherenkov+veto+hodo_2 GeV
Entries  397
Mean    1.829
RMS    0.5399

 / ndf 2χ  18.04 / 11
Prob   0.08076
Constant  3.38± 45.12 
Mean      0.015± 2.046 
Sigma     0.0106± 0.2012 

hE5x5_cherenkov+veto+hodo_2 GeV

hE5x5_cherenkov+veto+hodo_3 GeV
Entries  334
Mean    2.771
RMS    0.9363

 / ndf 2χ  14.52 / 15
Prob   0.4862
Constant  2.13± 24.95 
Mean      0.022± 3.184 
Sigma     0.020± 0.298 

energy in 5x5 (GeV) 
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hE5x5_cherenkov+veto+hodo_3 GeV
Entries  334
Mean    2.771
RMS    0.9363

 / ndf 2χ  14.52 / 15
Prob   0.4862
Constant  2.13± 24.95 
Mean      0.022± 3.184 
Sigma     0.020± 0.298 

hE5x5_cherenkov+veto+hodo_3 GeV

hE5x5_cherenkov+veto+hodo_4 GeV
Entries  187
Mean    3.634
RMS    0.8542

 / ndf 2χ  5.114 / 14
Prob   0.9842
Constant  1.71± 16.89 
Mean      0.028± 3.951 
Sigma     0.0217± 0.3213 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14 16 18
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hE5x5_cherenkov+veto+hodo_4 GeV
Entries  187
Mean    3.634
RMS    0.8542

 / ndf 2χ  5.114 / 14
Prob   0.9842
Constant  1.71± 16.89 
Mean      0.028± 3.951 
Sigma     0.0217± 0.3213 

hE5x5_cherenkov+veto+hodo_4 GeV

hE5x5_cherenkov+veto+hodo_6 GeV
Entries  151
Mean    5.992
RMS    0.9551

 / ndf 2χ  6.446 / 16
Prob   0.9825
Constant  1.41± 11.26 
Mean      0.051± 6.225 
Sigma     0.0545± 0.4845 

energy in 5x5 (GeV) 
2 4 6 8 10 12 14 16 18 20 22
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hE5x5_cherenkov+veto+hodo_6 GeV
Entries  151
Mean    5.992
RMS    0.9551

 / ndf 2χ  6.446 / 16
Prob   0.9825
Constant  1.41± 11.26 
Mean      0.051± 6.225 
Sigma     0.0545± 0.4845 

hE5x5_cherenkov+veto+hodo_6 GeV

hE5x5_cherenkov+veto+hodo_8 GeV
Entries  1534
Mean    8.503
RMS    0.7911

 / ndf 2χ  21.82 / 14
Prob   0.0823
Constant  5.9± 168.4 
Mean      0.015± 8.576 
Sigma     0.0124± 0.4888 

energy in 5x5 (GeV) 
5 10 15 20 25 30
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hE5x5_cherenkov+veto+hodo_8 GeV
Entries  1534
Mean    8.503
RMS    0.7911

 / ndf 2χ  21.82 / 14
Prob   0.0823
Constant  5.9± 168.4 
Mean      0.015± 8.576 
Sigma     0.0124± 0.4888 

hE5x5_cherenkov+veto+hodo_8 GeV

hE5x5_cherenkov+veto+hodo_12 GeV
Entries  1315
Mean    12.53
RMS     1.167

 / ndf 2χ  31.09 / 28
Prob   0.3132
Constant  2.86± 75.68 
Mean      0.02± 12.72 
Sigma     0.0179± 0.6591 energy in 5x5 (GeV) 

2 4 6 8 10 12 14 16 18 20 22
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10

210

hE5x5_cherenkov+veto+hodo_12 GeV
Entries  1315
Mean    12.53
RMS     1.167

 / ndf 2χ  31.09 / 28
Prob   0.3132
Constant  2.86± 75.68 
Mean      0.02± 12.72 
Sigma     0.0179± 0.6591 

hE5x5_cherenkov+veto+hodo_12 GeV
hE5x5_cherenkov+veto+hodo_16 GeV

Entries  926
Mean     16.6
RMS     1.483

 / ndf 2χ  27.73 / 31
Prob   0.6348
Constant  2.09± 48.56 
Mean      0.03± 16.79 
Sigma     0.0253± 0.8463 

energy in 5x5 (GeV) 
5 10 15 20 25
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hE5x5_cherenkov+veto+hodo_16 GeV

Entries  926
Mean     16.6
RMS     1.483

 / ndf 2χ  27.73 / 31
Prob   0.6348
Constant  2.09± 48.56 
Mean      0.03± 16.79 
Sigma     0.0253± 0.8463 

hE5x5_cherenkov+veto+hodo_16 GeV

New	Fits	Old	Fits	
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New	Fi;ng	

Input Energy (GeV)
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 / ndf 2χ   5894 / 6
Prob       0
p0        0.002428± 0.2071 
p1        0.0002029± 1.038 

 / ndf 2χ   5894 / 6
Prob       0
p0        0.002428± 0.2071 
p1        0.0002029± 1.038 

Linearity

Energy (GeV)
0 2 4 6 8 10 12 14 16

(E
)/<

E>
σ

0.1−

0.05−
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 / ndf 2χ  10.03 / 6
Prob   0.1232
p0        0.002913± 0.03319 
p1        0.006335± 0.1492 

 / ndf 2χ  10.03 / 6
Prob   0.1232
p0        0.002913± 0.03319 
p1        0.006335± 0.1492 

Resolution

New	Fits	Old	Fits	
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Hodoscope	Analysis	

•  Looked	at	energy	response	across	EMCal	by	
varying	the	horizontal	and	verDcal	hodoscope	
cuts	on	data	

•  MoDvaDon:	want	to	use	data	from	center	
rather	than	edges	of	light	guides	where	the	
energy	response	will	be	greater	

5	



Horizontal Hodoscope
0 1 2 3 4 5 6 7

5x
5 

En
er

gy
 (G

eV
)

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

0

0.5

1

1.5

2

2.5

3

1 GeV

Horizontal Hodoscope
0 1 2 3 4 5 6 7

5x
5 

En
er

gy
 (G

eV
)

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

0

1

2

3

4

5

6

7

8

9

10

2 GeV

Horizontal Hodoscope
0 1 2 3 4 5 6 7

5x
5 

En
er

gy
 (G

eV
)

1.5

2

2.5

3

3.5

4

4.5

0

2

4

6

8

10

12

3 GeV

Horizontal Hodoscope
0 1 2 3 4 5 6 7

5x
5 

En
er

gy
 (G

eV
)

2

2.5

3

3.5

4

4.5

5

5.5

6

0

2

4

6

8

10

12

14

16

4 GeV

Horizontal Hodoscope
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Horizontal Hodoscope
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Horizontal Hodoscope
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Horizontal Hodoscope
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5	by	5	energy	aber	cuts:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	||	Veto4_t	<	15	
•  VerDcal	hodoscope:	abs(Vert_HODO_R3_t)	>	30	
•  Horizontal	hodoscope	cut	varies	along	x	axis	

Hodoscope	Analysis	
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Energy	across	verDcal	hodoscope	finger	3,	varying	horizontal	hodoscope	posiDon	
	



Vertical Hodoscope
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Vertical Hodoscope
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Vertical Hodoscope
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Vertical Hodoscope
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5	by	5	energy	aber	cuts:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	||	Veto4_t	<	15	
•  Horizontal	hodoscope:	abs(Horz_HODO_R6_t)	>	30	
•  VerDcal	hodoscope	cut	varies	along	x	axis	

Hodoscope	Analysis	
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Energy	across	horizontal	hodoscope	finger	6,	varying	verDcal	hodoscope	posiDon	
	



Horizontal Hodoscope Cut
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Horizontal Hodoscope Cut
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Horizontal Hodoscope Cut
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Horizontal Hodoscope Cut
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Horizontal Hodoscope Cut
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Mean	5	by	5	energy	for	each	pair	of	verDcal	and	horizontal	hodoscope	cuts	with:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	||	Veto4_t	<	15	
	

Hodoscope	Analysis	
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Input Energy (GeV)
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 / ndf 2χ   2376 / 6
Prob       0
p0        0.00334± 0.1206 
p1        0.0002747± 1.069 

 / ndf 2χ   2376 / 6
Prob       0
p0        0.00334± 0.1206 
p1        0.0002747± 1.069 

Linearity

Energy (GeV)
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(E
)/<
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σ
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 / ndf 2χ  9.139 / 6
Prob   0.1659
p0        0.006165± 0.01979 
p1        0.008466± 0.1504 

 / ndf 2χ  9.139 / 6
Prob   0.1659
p0        0.006165± 0.01979 
p1        0.008466± 0.1504 

Resolution

Cuts:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	

||	Veto4_t	<	15	
•  Horizontal	hodoscope:	abs(Horz_HODO_R6_t)	>	30	
•  VerDcal	hodoscope:	abs(Vert_HODO_R3_t)	>	30	

Bad	staDsDcs	for	1	and	6	GeV	
points	(1	GeV	point	missing)	

ResoluDon	and	Linearity	with	New	
Hodoscope	Cuts	

9	



hE5x5_cherenkov+veto+hodo_1 GeV
Entries  31
Mean   0.9422
RMS    0.3204

 / ndf 2χ  5.417 / 15
Prob   0.988
Constant  0.441± 1.503 
Mean      0.5905± 0.8314 
Sigma     0.8277± 0.6297 

energy in 5x5 (GeV) 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

1

10 hE5x5_cherenkov+veto+hodo_1 GeV
Entries  31
Mean   0.9422
RMS    0.3204

 / ndf 2χ  5.417 / 15
Prob   0.988
Constant  0.441± 1.503 
Mean      0.5905± 0.8314 
Sigma     0.8277± 0.6297 

hE5x5_cherenkov+veto+hodo_1 GeV

hE5x5_cherenkov+veto+hodo_2 GeV
Entries  184
Mean    1.749
RMS    0.6229

 / ndf 2χ  11.02 / 12
Prob   0.5268
Constant  1.94± 16.96 
Mean      0.023± 2.041 
Sigma     0.019± 0.235 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14
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hE5x5_cherenkov+veto+hodo_2 GeV
Entries  184
Mean    1.749
RMS    0.6229

 / ndf 2χ  11.02 / 12
Prob   0.5268
Constant  1.94± 16.96 
Mean      0.023± 2.041 
Sigma     0.019± 0.235 

hE5x5_cherenkov+veto+hodo_2 GeV

hE5x5_cherenkov+veto+hodo_3 GeV
Entries  146
Mean    2.935
RMS     1.004

 / ndf 2χ  12.64 / 16
Prob   0.6991
Constant  1.46± 11.15 
Mean      0.03±  3.13 
Sigma     0.0341± 0.3108 

energy in 5x5 (GeV) 
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hE5x5_cherenkov+veto+hodo_3 GeV
Entries  146
Mean    2.935
RMS     1.004

 / ndf 2χ  12.64 / 16
Prob   0.6991
Constant  1.46± 11.15 
Mean      0.03±  3.13 
Sigma     0.0341± 0.3108 

hE5x5_cherenkov+veto+hodo_3 GeV

hE5x5_cherenkov+veto+hodo_4 GeV
Entries  104
Mean    3.658
RMS    0.7966

 / ndf 2χ  9.934 / 12
Prob   0.6217
Constant  1.69± 11.25 
Mean      0.032± 3.818 
Sigma     0.0307± 0.2699 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14 16 18
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hE5x5_cherenkov+veto+hodo_4 GeV
Entries  104
Mean    3.658
RMS    0.7966

 / ndf 2χ  9.934 / 12
Prob   0.6217
Constant  1.69± 11.25 
Mean      0.032± 3.818 
Sigma     0.0307± 0.2699 

hE5x5_cherenkov+veto+hodo_4 GeV

hE5x5_cherenkov+veto+hodo_6 GeV
Entries  60
Mean        6
RMS     1.205

 / ndf 2χ  10.97 / 17
Prob   0.8582
Constant  0.513± 2.401 
Mean      0.349± 6.149 
Sigma     0.530± 1.208 

energy in 5x5 (GeV) 
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hE5x5_cherenkov+veto+hodo_6 GeV
Entries  60
Mean        6
RMS     1.205

 / ndf 2χ  10.97 / 17
Prob   0.8582
Constant  0.513± 2.401 
Mean      0.349± 6.149 
Sigma     0.530± 1.208 

hE5x5_cherenkov+veto+hodo_6 GeV

hE5x5_cherenkov+veto+hodo_8 GeV
Entries  727
Mean    8.576
RMS    0.7788

 / ndf 2χ  14.65 / 13
Prob   0.3299
Constant  4.10± 81.75 
Mean      0.021± 8.703 
Sigma     0.0169± 0.4707 

energy in 5x5 (GeV) 
5 10 15 20 25 30
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hE5x5_cherenkov+veto+hodo_8 GeV
Entries  727
Mean    8.576
RMS    0.7788

 / ndf 2χ  14.65 / 13
Prob   0.3299
Constant  4.10± 81.75 
Mean      0.021± 8.703 
Sigma     0.0169± 0.4707 

hE5x5_cherenkov+veto+hodo_8 GeV

hE5x5_cherenkov+veto+hodo_12 GeV

Entries  707
Mean    12.85
RMS     1.194

 / ndf 2χ  31.85 / 25
Prob   0.1625
Constant  2.37± 45.87 
Mean      0.03± 13.03 
Sigma     0.0214± 0.5771 

energy in 5x5 (GeV) 
2 4 6 8 10 12 14 16 18 20 22

1

10

210

hE5x5_cherenkov+veto+hodo_12 GeV

Entries  707
Mean    12.85
RMS     1.194

 / ndf 2χ  31.85 / 25
Prob   0.1625
Constant  2.37± 45.87 
Mean      0.03± 13.03 
Sigma     0.0214± 0.5771 

hE5x5_cherenkov+veto+hodo_12 GeV

hE5x5_cherenkov+veto+hodo_16 GeV

Entries  517
Mean    17.01
RMS       1.5

 / ndf 2χ  29.34 / 25
Prob   0.2498
Constant  1.85± 30.97 
Mean      0.04± 17.22 
Sigma     0.0299± 0.7094 

energy in 5x5 (GeV) 
5 10 15 20 25
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hE5x5_cherenkov+veto+hodo_16 GeV

Entries  517
Mean    17.01
RMS       1.5

 / ndf 2χ  29.34 / 25
Prob   0.2498
Constant  1.85± 30.97 
Mean      0.04± 17.22 
Sigma     0.0299± 0.7094 

hE5x5_cherenkov+veto+hodo_16 GeV

•  Low	staDsDcs	+	new	fi;ng	
•  New	fi;ng	works	well	for	
higher	staDsDcs,	but	not	for	
lower	staDsDcs		

ResoluDon	and	Linearity	with	New		Hodoscope	
Cuts	

10	

1	GeV	

6	GeV	



Input Energy (GeV)
2 4 6 8 10 12 14 16

M
ea

su
re

d 
En

er
gy

 (G
eV

)

0

2

4

6

8

10

12

14

16

18

 / ndf 2χ   2810 / 6
Prob       0
p0        0.003654± 0.2887 
p1        0.0002972± 1.045 

 / ndf 2χ   2810 / 6
Prob       0
p0        0.003654± 0.2887 
p1        0.0002972± 1.045 

Linearity

Energy (GeV)
0 2 4 6 8 10 12 14 16

(E
)/<

E>
σ

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

0.3

 / ndf 2χ  17.13 / 6
Prob   0.00882
p0        0.005807± 0.02528 
p1        0.01009± 0.1546 

 / ndf 2χ  17.13 / 6
Prob   0.00882
p0        0.005807± 0.02528 
p1        0.01009± 0.1546 

Resolution

Cuts:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	

||	Veto4_t	<	15	
•  Horizontal	hodoscope:	abs(Horz_HODO_R5_t)	>	30	
•  VerDcal	hodoscope:	abs(Vert_HODO_R3_t)	>	30	

Similar	low	staDsDcs	issues	

ResoluDon	and	Linearity	with	New	Hodoscope	
Cuts	

11	



hE5x5_cherenkov+veto+hodo_1 GeV
Entries  42
Mean   0.9552
RMS    0.2856

 / ndf 2χ  5.079 / 18
Prob   0.9987
Constant  0.441± 1.838 
Mean      0.096± 1.027 
Sigma     0.1680± 0.2855 

energy in 5x5 (GeV) 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

1

10 hE5x5_cherenkov+veto+hodo_1 GeV
Entries  42
Mean   0.9552
RMS    0.2856

 / ndf 2χ  5.079 / 18
Prob   0.9987
Constant  0.441± 1.838 
Mean      0.096± 1.027 
Sigma     0.1680± 0.2855 

hE5x5_cherenkov+veto+hodo_1 GeV

hE5x5_cherenkov+veto+hodo_2 GeV
Entries  196
Mean    1.804
RMS    0.5678

 / ndf 2χ  18.37 / 13
Prob   0.144
Constant  2.14± 17.64 
Mean      0.027± 2.036 
Sigma     0.0248± 0.2446 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14

1

10

hE5x5_cherenkov+veto+hodo_2 GeV
Entries  196
Mean    1.804
RMS    0.5678

 / ndf 2χ  18.37 / 13
Prob   0.144
Constant  2.14± 17.64 
Mean      0.027± 2.036 
Sigma     0.0248± 0.2446 

hE5x5_cherenkov+veto+hodo_2 GeV

hE5x5_cherenkov+veto+hodo_3 GeV
Entries  167
Mean     2.88
RMS    0.9307

 / ndf 2χ  13.52 / 15
Prob   0.562
Constant  1.52± 11.82 
Mean      0.033± 3.219 
Sigma     0.0345± 0.3148 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14

1

10

hE5x5_cherenkov+veto+hodo_3 GeV
Entries  167
Mean     2.88
RMS    0.9307

 / ndf 2χ  13.52 / 15
Prob   0.562
Constant  1.52± 11.82 
Mean      0.033± 3.219 
Sigma     0.0345± 0.3148 

hE5x5_cherenkov+veto+hodo_3 GeV

hE5x5_cherenkov+veto+hodo_4 GeV
Entries  259
Mean    3.926
RMS    0.9909

 / ndf 2χ  12.74 / 16
Prob   0.6917
Constant  1.86± 19.89 
Mean      0.030± 4.272 
Sigma     0.0265± 0.3732 

energy in 5x5 (GeV) 
0 2 4 6 8 10 12 14 16 18

1

10

hE5x5_cherenkov+veto+hodo_4 GeV
Entries  259
Mean    3.926
RMS    0.9909

 / ndf 2χ  12.74 / 16
Prob   0.6917
Constant  1.86± 19.89 
Mean      0.030± 4.272 
Sigma     0.0265± 0.3732 

hE5x5_cherenkov+veto+hodo_4 GeV

hE5x5_cherenkov+veto+hodo_6 GeV
Entries  71
Mean    5.921
RMS     1.226

 / ndf 2χ  10.65 / 16
Prob   0.8304
Constant  0.891± 3.968 
Mean      0.107± 6.405 
Sigma     0.1608± 0.5908 

energy in 5x5 (GeV) 
2 4 6 8 10 12 14 16 18 20 22

1

10

hE5x5_cherenkov+veto+hodo_6 GeV
Entries  71
Mean    5.921
RMS     1.226

 / ndf 2χ  10.65 / 16
Prob   0.8304
Constant  0.891± 3.968 
Mean      0.107± 6.405 
Sigma     0.1608± 0.5908 

hE5x5_cherenkov+veto+hodo_6 GeV

hE5x5_cherenkov+veto+hodo_8 GeV
Entries  804
Mean    8.588
RMS     0.794

 / ndf 2χ  17.19 / 13
Prob   0.1907
Constant  4.47± 92.92 
Mean      0.018± 8.698 
Sigma     0.0151± 0.4516 

energy in 5x5 (GeV) 
5 10 15 20 25 30

1

10

210

hE5x5_cherenkov+veto+hodo_8 GeV
Entries  804
Mean    8.588
RMS     0.794

 / ndf 2χ  17.19 / 13
Prob   0.1907
Constant  4.47± 92.92 
Mean      0.018± 8.698 
Sigma     0.0151± 0.4516 

hE5x5_cherenkov+veto+hodo_8 GeV
hE5x5_cherenkov+veto+hodo_12 GeV
Entries  699
Mean    12.68
RMS     1.203

 / ndf 2χ  23.79 / 27
Prob   0.6422
Constant  2.11± 40.28 
Mean      0.03± 12.91 
Sigma     0.0239± 0.6404 

energy in 5x5 (GeV) 
2 4 6 8 10 12 14 16 18 20 22

1

10

210hE5x5_cherenkov+veto+hodo_12 GeV
Entries  699
Mean    12.68
RMS     1.203

 / ndf 2χ  23.79 / 27
Prob   0.6422
Constant  2.11± 40.28 
Mean      0.03± 12.91 
Sigma     0.0239± 0.6404 

hE5x5_cherenkov+veto+hodo_12 GeV

hE5x5_cherenkov+veto+hodo_16 GeV

Entries  509
Mean    16.75
RMS     1.665

 / ndf 2χ  29.98 / 28
Prob   0.3641
Constant  1.63± 26.88 
Mean      0.04± 16.98 
Sigma     0.0360± 0.8019 

energy in 5x5 (GeV) 
5 10 15 20 25

1

10

hE5x5_cherenkov+veto+hodo_16 GeV

Entries  509
Mean    16.75
RMS     1.665

 / ndf 2χ  29.98 / 28
Prob   0.3641
Constant  1.63± 26.88 
Mean      0.04± 16.98 
Sigma     0.0360± 0.8019 

hE5x5_cherenkov+veto+hodo_16 GeV

ResoluDon	and	Linearity	with	New	Hodoscope	
Cuts	
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Cuts:	
•  Cherenkov:	abs(C2_inner_t	+	C2_outer_t)	>	100	
•  Veto:	Veto1_t	<	15	||	Veto2_t	<	15	||	Veto3_t	<	15	||	

Veto4_t	<	15	
•  Horizontal	hodoscope:	abs(Horz_HODO_R5_t)	>	30	
•  VerDcal	hodoscope:	abs(Vert_HODO_R3_t)	>	30	



Energy (GeV)
2 4 6 8 10 12 14 16

(E
)/<

E>
σ

0.1

0.2

0.3

0.4

0.5 H5 V2||3
H6 V3
H5 V3

Resolution

ResoluDons	for	Different	Hodoscope	
Cuts	

Horizontal	
Hodoscope	

Ver<cal	
Hodoscope	

Resolu<on	

5	 2||3	 0.1492	

6	 3	 0.1504	

5	 3	 0.1546	
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ResoluDon	with	1/E	term	in	fit	

14	

p2*1/E	

Usual	fit	 Fit	with	1/E	term	

Input Energy (GeV)
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 / ndf 2χ   9941 / 6
Prob       0
p0        0.002514± 0.1818 
p1        0.0002087±  1.04 

 / ndf 2χ   9941 / 6
Prob       0
p0        0.002514± 0.1818 
p1        0.0002087±  1.04 

Linearity

Energy (GeV)
0 2 4 6 8 10 12 14 16

(E
)/<

E>
σ
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0
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 / ndf 2χ  5.401 / 5
Prob   0.369
p0        0.004428± 0.03952 
p1        0.01935± 0.1243 
p2        0.04691± 0.1199 

 / ndf 2χ  5.401 / 5
Prob   0.369
p0        0.004428± 0.03952 
p1        0.01935± 0.1243 
p2        0.04691± 0.1199 

Resolution

Input Energy (GeV)
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 / ndf 2χ   5894 / 6
Prob       0
p0        0.002428± 0.2071 
p1        0.0002029± 1.038 

 / ndf 2χ   5894 / 6
Prob       0
p0        0.002428± 0.2071 
p1        0.0002029± 1.038 

Linearity

Energy (GeV)
0 2 4 6 8 10 12 14 16

(E
)/<

E>
σ
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 / ndf 2χ  10.03 / 6
Prob   0.1232
p0        0.002913± 0.03319 
p1        0.006335± 0.1492 

 / ndf 2χ  10.03 / 6
Prob   0.1232
p0        0.002913± 0.03319 
p1        0.006335± 0.1492 

Resolution



To	Do:	

•  Try	to	opDmize	fit	range	
•  To	increase	staDsDcs	we	will	look	at	the	fits	for	
each	run	number	to	try	to	combine	data	from	
mulDple	runs	for	1,	2,	3,	4,	and	6	GeV	

15	

Energy	 Run	Numbers	(Number	of	Events)	

1	GeV	 2297(19k),	2298*	(46k)	

2	GeV	 2265(72k),	2266(69k),	2267(127k),	
2268*	(195k)	

3	GeV	 2260*	(130k),	2261(135k),	
2262(50k)	

4	GeV	 2253*,	2254,	2255	

6	GeV	 2243,	2244,	2245,	2246,	2247*	

*runs	we	have	been	using	


